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Abstract 
Wikipedia is one of the largest platforms based on the con-
cept of asynchronous, distributed, collaborative work. A 
systematic collaborative exploration and assessment of Wik-
ipedia content and coverage is however still largely missing. 
On the one hand editors routinely perform quality and cov-
erage control of individual articles, while on the other hand 
academic research on Wikipedia is mostly focused on global 
issues, and only sporadically on local assessment. In this 
paper, we argue that collaborative visualizations have the 
potential to fill this gap, affording editors to collaboratively 
explore and analyse patterns in Wikipedia content, at differ-
ent scales. We illustrate how a collaborative visualization 
service can be an effective tool for editors to create, edit, 
and discuss public visualizations of Wikipedia data. Com-
bined with the large Wikipedia user-base, and its diverse lo-
cal knowledge, this could result in a large-scale collection of 
evidence for critique and activism, and the potential to en-
hance the quantity and quality of Wikipedia content. 
Introduction  
Wikipedia articles are a prime example of asynchronous, 
distributed collaboration on an internet scale. Editors from 
all the connected part of the world can gather to collaborate 
on a single shared document, without being in the same 
physical place or working on that document at the same 
time. For example, at the time of this writing, the term 
“city of dreaming spires” used by poet Matthew Arnold to 
describe Oxford is still part of Oxford’s Wikipedia article1,  
as it was in the first version of the article, created in May 
2001 by the editor Mjausson2.  This has given every Wik-
ipedia user the opportunity to reflect on that first descrip-
                                                
. 
. 
 
1 en.wikipedia.org/w/index.php?oldid=648076589 
2 en.wikipedia.org/w/index.php?oldid=271629 
tion of Oxford, to discuss it in the Talk page, edit, and 
move snippets of text in the different sections of the article. 
This is the essence of Wikipedia as a tool for asynchro-
nous, distributed, collaborative sensemaking. 
While this asynchronous, distributed collaboration is at 
the very heart of Wikipedia, the analysis of its content and 
coverage is still largely composed of many separate, indi-
vidual efforts. Several research projects have focused on 
the analysis of Wikipedia content, from cross-language 
comparison (e.g., Hale, 2015; Hecht and Gergle 2010b, 
Pfeil et al., 2006), to geographic analysis (e.g., Hecht and 
Gergle 2009; Graham et al., 2014), to the analysis of con-
troversial topics (e.g., Yasseri et al., 2014). Since systemat-
ic collaborative exploration and assessment of Wikipedia 
content and coverage is still largely missing, the platforms 
mostly relies on ad-hoc assessments by users for decisions 
about new content creation; i.e., users compare and analyse 
article contents individually and then may decide to con-
tribute additional content or amend existing content. 
What if the editors (and readers) were able to visualize 
the content (e.g., word frequencies), structure (e.g., which 
articles are linked to which other articles), or statistics 
(e.g., how many people write about a particular topic, 
where are these people, how many visitors were on this 
page and when)? What if these visualizations were also 
collaborative, so that other editors could also edit them? 
We contend that a tool allowing the broad Wikipedia 
community to collaboratively explore and analyse Wikipe-
dia at different scales and collect evidence for critique and 
activism has large potential to enhance the quantity and 
quality of Wikipedia content. In other words; in this this 
paper, we argue that collaborative visualizations (Pea, 
1993; Isenberg et al., 2011) can afford this function by 
giving groups of people the opportunity to reflect, discuss, 
and edit a common visual representation of Wikipedia con-
tent (see e.g., Figures 1 and 3, discussed below), in the 
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same way that editors can discuss and collaboratively edit 
the content of individual Wikipedia articles today. There-
fore, collaborative visualizations would support the process 
of asynchronous, distributed, collaborative sensemaking of 
entire parts of Wikipedia, in addition to the sensemaking 
that already occurs on the level of single articles. 
Visual analytics 
The term visual analytics was coined a decade ago by 
Thomas and Cook (2005) to refer to the “science of human 
analytical reasoning facilitated by interactive visualiza-
tions” (ibid: p.28). Visual analytics can be considered a 
direct descendant of the concept of exploratory data analy-
sis proposed by Tukey (1977). The fundamental idea is to 
combine the computer capabilities in automatic analysis 
and the human capabilities in visual pattern recognition. 
The aim, therefore, is to address a particular class of prob-
lems, which are both too complex or ill-defined to be fully 
automatised (i.e., too hard for a computer), and involve 
datasets too large and diverse to be presented in a static 
visualization for humans to analyse (Keim et al, 2008; 
2010). It comes as no surprise that several visual analytics 
software programs are being developed in the recent wave 
of ‘big data’ (Zhang et al, 2012), since they offer data ex-
ploration functionality and dashboards for making sense of 
large datasets. Within the domain of visual analytics, the 
field of geographic information science is devoting particu-
lar attention to the development of geo-visual analytics 
methods, that can account for the spatial and temporal 
components of data, and the inherent challenges that those 
dimensions pose in terms of both analysis and visualization 
methods (Andrienko et al., 2010). 
This paper contends that the analysis of Wikipedia con-
tent falls into the category of problems that visual analytics 
has been developed to tackle. The adequacy, correctness, 
completeness, and currency of Wikipedia articles and cate-
gories is a complex and ill-defined problem that could 
hardly be fully automatized. Moreover, information visual-
ization methods have long been used by researchers to ana-
lyse and investigate Wikipedia contents, edits, editors and 
their geographies, as well as the differences between dif-
ferent editions. Methods employed range from pie charts 
(Bao et al., 2012) to maps (Yasseri et al., 2014) and from 
density plots to network diagrams (Hale, 2014).  
Nonetheless, while ad-hoc processes and tools have so 
far been successfully used by researchers, such methods 
might not be suitable for Wikipedia contributors, who may 
lack the tools, time, or skills to perform the technical pro-
cesses needed to create such visualizations. These factors 
serve as barriers limiting the number of people who have 
access to such analyses. In turn, not only the scope but 
especially the scale of such analyses is diminished. “Local” 
scale analyses might be of great interest and relevance to 
particular communities, groups, or individuals but might 
not be chosen as a research direction by professional scien-
tists with a global audience in mind, or simply lacking lo-
cal knowledge to do these subjects justice. 
This paper further contends that collaborative visualiza-
tions, including collaborative geo-visualizations, can be a 
useful means to enable the analysis of Wikipedia content at 
scale. That is, a collaborative visualization service would 
provide the Wikipedia community with a tool to perform 
analyses of Wikipedia content, in a manner which would 
be consistent with the principles and practices of Wikipe-
dia. Users would be able to collaborate in investigating the 
structures and content of the platform, propose hypotheses, 
collect evidence, formulate critiques, and promote actions, 
such as new content creation and revision.  
Collaborative visualization 
One definition of collaborative visualization is “the shared 
use of computer-supported, (interactive,) visual representa-
tions of data by more than one person with the common 
goal of contribution to joint information processing activi-
ties” (Isenberg et al., 2011, p.312) – which covers its most 
important aspects. The key distinction between collabora-
tive visualization and other visualization environments is 
the possibility of different users asynchronously accessing, 
commenting, and editing visualizations created by other 
users. When specifically applied to visual analytics ser-
vices, this approach is also referred to as collaborative vis-
ual analytics (Heer and Agrawala,2008). 
Collaborative visualization services (e.g., Heer et al., 
2007; Viegas et al., 2007) are founded on the same princi-
ples as user-generated content websites like Wikipedia. 
Thus, both offer very similar functionalities. A user of a 
collaborative visualization service is able to create a new 
visualization, which is visible and editable by any other 
user of the same service. Users can edit visualizations, 
leave comments, and graphically annotate them, while the 
system records a changelog of each stage in the evolution 
of the visualization thereby ensuring complete lineage in-
formation. Heer et al. (2007) discuss how each of these 
functionalities has been used in a pilot study of the 
sense.us website. They clearly illustrate how the comment 
section is key to the ongoing process of sensemaking, as 
different users observe and point out patterns, ask ques-
tions, and suggest interpretations of the visualized data – 
an analogous role is performed by Talk pages in Wikipe-
dia.  
Similar concepts have been developed within the field of 
geographic information science (Brewer et al., 2000; Brod-
lie et al., 2005). These take the forms of participatory geo-
graphic information systems (GIS) or public participation 
GIS (Abbot et al., 1998; Dunn, 2007) and volunteered geo-
graphic information (VGI; Goodchild, 2007). These devel-
opments are also partially rooted in critical cartography 
(Crampton and Krygier, 2006), and critical geographic 
information systems (Harvey et al., 2005), and thus in the 
on-going discussion within geography concerning the con-
cepts of space and place (Sui and Goodchild, 2011). 
The following section presents three scenarios that illus-
trate how collaborative visualizations, visual analytics, and 
geo-visual analytics methods could be applied to Wikipe-
dia as object of analysis.  
Collaborative visualizations for Wikipedia 
 
A long-standing challenge for Wikipedia has been that 
most of its content (over 74 percent of all concepts) is writ-
ten in only one language (Hecht and Gergle 2010b). Fur-
thermore, even when users edit multiple language editions 
of Wikipedia, they are much more likely to edit articles in 
a second language that have a corresponding article in their 
first languages (Hale, 2015). So-called interlanguage links 
are a valuable resource to analyse what articles exist in 
certain language editions but not others. Interlanguage 
links connect articles about the same concept in different 
languages. For example, the article on Oxford in English is 
linked to the article on  in Japanese. 
Interlanguage links were previously maintained sepa-
rately in each language edition of Wikipedia through a mix 
of human and machine processes. They did not necessarily 
align perfectly between different language editions. In 
2013, these separate interlanguage links were replaced with 
a global, conflict-free, centrally stored and edited reposito-
ry in WikiData3. WikiData provides a knowledge base that 
is closely coupled with Wikipedia, making it a good possi-
ble source of information for collaborative visualization 
applications in general. 
A collaborative visualization of the interlanguage link 
data stored in WikiData could allow Wikipedia editors to 
understand what concepts are covered in other languages 
beyond the languages they edit in most frequently. This 
could help both multilingual readers to discover additional 
content and multilingual editors to write about some of this 
                                                
3 Launched in 2012, www.wikidata.org 
content in their primary languages thereby expanding the 
coverage of each language edition of Wikipedia.  
Figure 1 illustrates how a network diagram could be 
used to explore how different entities related to Oxford are 
represented in English and Italian Wikipedia. 
Besides exploiting data on relative coverage in different 
languages through interlanguage links to enhance Wikipe-
dia, WikiData could also be used to monitor specific as-
pects of coverage such as the gender of biography article 
subjects or the representation of different locations.  
The Wikimedia Lab DB offers another crucial source of 
data for a collaborative visualizations service, as it stores 
the complete structure of Wikipedia and other wikis in an 
SQL format (i.e., a standard relational database format). 
These databases provide a variety of information about 
single pages as well as their metadata. For instance, from 
data accessible through Wikimedia Lab DB (or related 
services, such as Quarry4 or the MediaWiki web API5), a 
hierarchical matrix plot (see Figure 2) could be created for 
comparing the coverage of a category in two different lan-
guage editions. Each cell in such a plot would show the 
difference in, e.g., the number of pages or the page lengths 
contained in a category and its subcategories (the latter two 
structured using marginal dendrograms in Figure 2). 
 
 
Figure 2. Illustrative example of hierarchical matrix plot (gener-
ated using random data). 
                                                
4 Launched in 2014, quarry.wmflabs.org 
5 www.mediawiki.org/wiki/API:Main_page 
Figure 1. Illustrative example of usage of a network diagram to illustrate interlanguage links on Wikipedia. 
As another branch of exploration, collaborative visuali-
zation of the data in WikiData and Wikimedia Lab DB 
could also be used to analyse the geographic biases present 
in Wikipedia (e.g., Graham et al., 2014). Many Wikipedia 
articles about places and events have geolocation infor-
mation attached to them (a.k.a., geo-tags). As such, it is 
possible to map the coverage of Wikipedia as a whole as 
well as the coverage of any particular language edition. 
Figure 3 illustrates how a map could be used to explore the 
presence and absence of geo-tags in Oxford, comparing 
English and Italian Wikipedia.  
Additionally, one can map the locations of contributors 
using either IP address, geocoding, or user profile ge-
ocoding6. Ongoing work has also started to geolocate the 
third-party sources (e.g., newspaper articles, websites, etc.) 
cited in each language edition (Sen et al., 2015) enabling a 
third layer of geographic coverage to be visualized and 
collaboratively analysed. Plotting any of these three layers 
of geographic information in the form of a dot map or a 
density map could reveal interesting patterns, and possibly 
coverage gaps. Such visualizations are especially meaning-
ful and useful to Wikipedia users holding deep local 
knowledge of a certain geographical region (e.g., a valley, 
or a village) and may motivate their future contribution 
efforts. 
More generally, we believe that opening up shortcom-
ings of Wikipedia content and structure to reflection and 
discussion by rendering them explicit through collaborative 
visualizations has great potential for alleviating the known 
biases such as geography, gender or status present in all 
user-generated content platforms. Similarly, displaying the 
strengths of Wikipedia may allow inferring which content 
may be better quality controlled than others, or potentially 
lead to channelling the content creators’ energy and efforts 
to less attended topics. 
Furthermore, we envision that collaborative visualiza-
tion tools could expand to encompass contributor statistics 
and user retention metrics in the future. Such data is not 
currently available in WikiData, but efforts are underway 
to make this data more easily accessible. Analysis and vis-
                                                
6 E.g., cii.oii.ox.ac.uk/visualising-the-locality-of-participation-and-voice-
on-wikipedia 
ualizations of such data would be potentially very valuable 
for promoting diversity among contributors and thus an-
other vector for improving the quality of Wikipedia as a 
community and platform. 
Challenges and research agenda 
In this paper, we have illustrated how a collaborative visu-
alization service would enable users to analyse Wikipedia 
content using visual analytics methods to investigate di-
verse aspects of the platform in a collaborative and asyn-
chronous manner. Such activities would then ideally result 
in new content creation or in amendments of existing con-
tent. Building a collaborative visualization service on top 
of a user-generated content platform (to expand and im-
prove the platform’s coverage through collaborative intro-
spection and discussion) is not restricted to Wikipedia, but 
could also benefit other crowdsourcing and open data initi-
atives. However, this new perspective also poses some 
questions and opens up new challenges in a number of 
research areas related to technology, design and social sci-
ences. 
First, a number of technical challenges need to be ad-
dressed in order to implement a service allowing collabora-
tive visualization and analyses as discussed above. In the 
case of Wikipedia, the WikiData project and the Wiki-
media Lab DB currently seem the most promising founda-
tions for such a service, providing the necessary underlying 
input data. Currently, vector-based interactive visualization 
tools represent the state-of-the-art for visual analytics (pos-
sibly using WebGL for complex visualizations (see e.g. 
Garaizar et al., 2012)). Custom-made tools could be built 
for collaborative sensemaking or adapted from existing 
projects such as RAW7 (see Uboldi and Caviglia, 2015).  
Second, information visualization design challenges 
need to be carefully considered to decide which type of 
graphs and maps should be made available for which kind 
of data. In order to reach a broad user base among Wikipe-
dia editors, the overarching emphasis in service and visual-
ization development needs to be put on ease of use for con-
                                                
7 github.com/densitydesign/raw 
Figure 3. Illustrative example of usage of a density map to illustrate presence and absence of Wikipedia geotags. 
structing, editing, annotating and discussing visualizations, 
while the visualization designs should be guided by the 
cognitive and perceptual principles. The interface design 
should focus on learnability, consistency with Wikipedia 
and its modalities of interaction, and support users in their 
visualization process by offering informed choices and 
annotations leading them to good design choices.  
Furthermore, assuming that a collaborative visualization 
service for Wikipedia has been developed, deployed, and is 
being actively used, new opportunities for development 
and testing of new ideas and methods in the field of com-
puter-supported collaborative work will arise. A critical 
perspective from the digital humanities community could 
lead to significant improvements of the service, resulting 
from rich historical understandings of the construction of 
knowledge, and experience of using such mixed methods 
(visualizations alongside discussion) for collaborative 
sensemaking. Such a service would also be a valuable tool 
for digital humanities research, allowing for multilayered 
analyses of articles on, for example, historical events, liter-
ary texts, and historiography. The open-source approach at 
the core of Wikipedia will provide researchers in the social 
sciences with a great source of data on collective behaviour 
on the internet, and the use of data and visualization for 
decision-making, critique, and activism. 
Finally, a distributed, large-scale analysis of Wikipedia, 
which developed to one of the pivotal sources of infor-
mation on the internet, will shed light on the role of digital 
mediation in content production, reproduction, and its rep-
resentativeness. 
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